The prophage-inducing capability of hydroxylamine sulfate and 36 of its derivatives, and of hydrazine dihydrochloride and dihydrazine sulfate and 43 of their derivatives, was determined in Escherichia coli W1709 (X). Maximal nontoxic concentrations up to 1 mg/ml were tested. Hydroxylamine sulfate was active at 2.5 ,ug/ml and the following 17 derivatives were active at concentrations ranging up to 500 ,ug/ml: a-naphthylhydroxylamine, N-hydroxy-2-aminofluorene, oxamyl hydroxamic acid, O-carbamoyl hydroxylamine (isohydroxyurea), N-hydroxyurethane, N-methylhydroxylamine HCl, salicylhydroxamic acid, oxalohydroxamic acid, methoxyamine HCI, ethoxyamine HCl, N,N-diethylhydroxylamine oxalate, formaldoxime, formamidoxime, acetohydroxamic acid, acetaldoxime, acetone oxime, and hydroxyguanidine sulfate. Hydrazine dihydrochloride and dihydrazine sulfate were effective inducers at 5.0 and 2.5 ,ug/ml, respectively, and the following nine derivatives of them were active at concentrations ranging up to 500 ,ug/ml: phthalic acid hydrazide, phenylhydrazine HCl, p-nitrophenylhydrazine, p-chlorophenylhydrazine HCI, formylhydrazine, carbohydrazide, semicarbazide HCl, l-methyl-l-phenylhydrazine sulfate, and acetic acid hydrazide. Nineteen hydroxylamine and 34 hydrazine derivatives were ineffective as inducers. Application of the prophage-induction system as a tool for detection of responsive hydroxylamino and hydrazino compounds which may be potential toxicological hazards in the environment is discussed.
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There appears to be a clearly positive association (20) between a compound's ability to induce prophage in lysogenic bacteria and its ability to inhibit development of transplanted tumors in rodents. An ever-increasing list of compounds (20) capable of mutagenic, carcinogenic, and teratogenic effects in various experimental systems are also capable of prophage induction. Hydroxylamine has been shown to be mutagenic (17) , chromosome-damaging (37), and teratogenic (38) , and to possess weak carcinostatic (39) activities; hydrazine has been shown to be carcinogenic (6), mutagenic (26) , and teratogenic (38) . These properties suggest that both compounds and their analogues might also be capable of prophage induction and, if so, that this simple, in vitro test system might prove useful for detecting responsive hydroxylamino and hydrazino compounds found to be potential hazards in the environment.
Hydroxylamino and hydrazino compounds may be encountered by man and animals in the environment. Hydroxylamine is generally accepted as a logical intermediate in nitrogen fixation, nitrification, and denitrification reactions. A number of acyl derivatives of N-hydroxyamino acids commonly found as end products of microbial fermentations (31) and cyclic hydroxamic acids present in food plant sources (42) may represent unsuspected environmental, toxicological hazards. Pyridine-2-aldoxime is a hydroxylamine-derived medicinal. There has been interest recently in the potential therapeutic application (10) of acetohydroxamic acid and in its use for improving aniimal nutrition (16) . Evidence (29) Recently there has been increasing interest in the possibility that various N-nitrosamines may have etiological significance in human cancer (25) . Many of these same N-nitrosamines are also potent mutagens (27) . Although much evidence has demonstrated (27) 
RESULTS
The relative capabilities of the 37 hydroxylamines tested to induce lambda bacteriophage formation in a lysogenic strain, E. coli W 1709, are shown in Table 1 . The inducing activities of these compounds fell into three groups. Ten compounds were classified as active (minimal inducing concentration, <100 Ag/ml): a-naphthylhydroxylamine, N-hydroxy-2-aminofluorene, hydroxylamine sulfate, oxamyl hydroxamic acid, 0-carbamoyl hydroxylamine (isohydroxyurea), N-hydroxyurethane, N-methylhydroxylamine HCl, salicylhydroxamic acid, oxalohydroxamic acid, and methoxyamine HCI. Eight were weakly active (minimal inducing concentration, 100 to 500 jug/ml): ethoxyamine HCl, N,N-diethylhydroxylamine oxalate, formaldoxime HCl, formamidoxime, acetohydroxamic acid, acetaldoxime, hydroxyguanidine sulfate, and acetone oxime. Nineteen derivatives were inactive at their highest nontoxic concentration up to 1,000 ,g/ml.
Inducing activity was observed with hydroxylamine sulfate, with all 3 of the 0-substituted hydroxylamines, with 4 of 7 N-substituted hydroxylamines, with 1 of 4 N,N-disubstituted hydroxylamines, with 4 of 9 monoximes, with 4 of 10 monohydroxamic acids, and with the single dihydroxamic acid tested. Neither of the single members of the 0,N-disubstituted hydroxylamines or dioximes which were tested exhibited activity.
The observation that N-hydroxyurethane, which may be formed in vivo from urethane (30) , induced prophage at 25 ,ug/ml is of interest in that urethane failed to induce prophage (34) at 1,000 /Ag/ml. with an actively metabolizing strain of E. coli X-28 (19) .
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The relative capabilities of the 45 hydrazines to induce bacteriophage are shown in Table 2 .
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The inducing activities of these compounds also fell into three groups. Active compounds (mini-100 mal inducing concentration, <100 ,ug/ml) were hydrazine dihydrochloride, dihydrazine sulfate, phthalic acid hydrazide, phenylhydrazine HC1, (22) that biotransformation of Nhydroxy-2-acetylaminofluorene to N-hydroxy-2-aminofluorene, which induces prophage at 0.5 jug/ml and which may be the ultimate carcinogen, occurs.
a-Naphthylhydroxylamine was capable of inducing E. coli prophage at a concentration of 0.5 ug/ml and has exhibited both greater carcinogenicity (3) and mutagenicity (32) than its B-isomer which failed to induce at 3.1 ,ug/ml, its highest nontoxic concentration.
Carcinogenic properties have been demonstrated with phenylhydrazine (12) , and teratogenic activity, with semicarbazide (38) .
The possibility that hydroxylamine and hydrazine compounds which are potential toxicological hazards may be transformed in vivo to prophage-inducing derivatives must be considered. Hydroxamates may be directly hydrolyzed (5), releasing hydroxylamine which induces prophage at 2.5 ,g/ml and which has been shown to be mutagenic (17) , chromosome-damaging (37) , and teratogenic (38) , and to possess weak carcinostatic (39) activities. Formation of hydrazine, or its derivatives, upon breakdown of isonicotinic acid hydrazide by liver (40) and bacterial (41) enzymes has been reported. It has been suggested that the carcinogenic action of isoniazid in mice is mediated through liberation of free hydrazine (7), which induces prophage at 5.0 ,ug/ml and for which carcinogenicity (6), mutagenicity (26) , and teratogenicity (38) have been observed. The possible role of the hydrazine function has been considered (13) in the carcinogenesis of five 2-hydrazinothiazole compounds.
The prophage-induction system has already shown utility (23) when employed to select potential carcinostatic agents present in complex fermentation broths and as an assay procedure for following the extraction and isolation of active agents from such broths. A bioautographic technique that has proven useful for identification of purified prophage-inducing agents has also been developed (21) .
Unfortunately, sufficient test data regarding mutagenicity, carcinogenicity, and teratogenicity, in experimental systems, are not yet available to establish a clearly positive association of these effects with the prophage-inducing capability of hydroxylamino and hydrazino compounds. Additional testing will determine whether such associations exist. Evidence supporting a relationship between an agent's prophage-inducing capability and its mutagenic and carcinogenic activities has already been obtained (14) in a series of 16 nitroquinolines and hydroxyaminoquinolines. It is hoped that the simple, in vitro, prophage-induction system may prove useful for detecting responsive hydroxylamino and hydrazino compounds which may be potential hazards in the environment.
